Susceptibility testing was performed at seven Canadian microbiology laboratories and the Helicobacter Reference Laboratory, Halifax, Nova Scotia, Canada, to assess susceptibility testing proficiency and the reproducibility of the results for clarithromycin and metronidazole and to compare the Epsilometer test (E test) method to the agar dilution reference method. Control strain Helicobacter pylori ATCC 43504 (American Type Culture Collection) and 13 clinical isolates (plus duplicates of four of these strains including ATCC 43504) were tested blindly. The National Committee for Clinical Laboratory Standards (NCCLS) guidelines for agar dilution testing were followed, and the same suspension of organisms was used for agar dilution and E test. Antimicrobials and E test strips were provided to the investigators. Methods were provided on a website (www.Helicobactercanada.org). Each center reported MICs within the stated range for strain ATCC 43504. Compared to the average MICs, interlaboratory agreements within 2 log 2 dilutions were 90% (range, 69 to 100%) for clarithromycin by agar dilution, with seven very major errors [VMEs], and 85% (range, 65 to 100%) by E test, with three VMEs. Interlaboratory agreements within 2 log 2 dilutions were 83% (range, 50 to 100%) for metronidazole by agar dilution, with six VMEs and eight major errors (MEs), and 75% (range, 50 to 94%) by E test, with four VMEs and four MEs. At lower and higher concentrations of antibiotic, E test MICs were slightly different from agar dilution MICs, but these differences did not result in errors. When a standardized protocol based on NCCLS guidelines was used, most participants in this study correctly identified clarithromycin-and metronidazole-susceptible and -resistant strains of H. pylori 93% of the time by either the agar dilution or E test method, and the numbers of errors were relatively equivalent by both methods.
Helicobacter pylori causes gastritis and ulcer disease and is considered a risk factor for the development of mucosa-associated lymphoma and gastric cancer (10, 23, 25, 29, 31, 47) . Most consensus guidelines now recommend eradication of H. pylori in all patients known to be infected. The most commonly used treatments are triple therapies consisting of a proton pump inhibitor with clarithromycin and metronidazole or amoxicillin or quadruple therapy with a proton pump inhibitor, a bismuth compound, tetracycline, and metronidazole (3, 8, 21, 39) . The primary and secondary resistance rates reported worldwide vary from 1 to 58% for clarithromycin and from 5 to 76% for metronidazole (1, 5, 15, 17, 26, 28, 32, 43) . Resistance to one or both of these antibiotics significantly reduces treatment success (2, 11, 19, 22, 35, 37, 42, 44) . The clinical importance of resistance makes it necessary for antibiotic treatment decisions to be based on valid and reproducible in vitro susceptibility testing results. Reported discrepant susceptibility test results are due to variations in the methods and conditions used for susceptibility testing (16, 18, 20, 24, 33, 40, 41, 49) .
The National Committee for Clinical Laboratory Standards (NCCLS) has recently published guidelines for in vitro susceptibility testing of H. pylori using an agar dilution method (30) . Agar dilution tests are time-consuming and labor-intensive, and a large number of strains should be tested simultaneously since the media containing the antibiotic dilutions must be prepared immediately before use. The procedure is efficient for the testing of large numbers of strains, such as in susceptibility surveys, but it is not readily adaptable for the testing of small numbers of strains on an ongoing basis. The Epsilometer test (E test) method (AB Biodisk, Solna, Sweden) has been approved for use for the susceptibility testing of many organisms, but not H. pylori. However, many studies have been carried out by this method with H. pylori (6, 7, 12, 14, 27, 34, 36, 38) . The proprietary antibiotic-impregnated E test strips are expensive, but less labor is required relative to the amount of labor required for agar dilution, and the MIC is read directly from the confluence of growth with the strip. Since single tests are easily carried out, E test might be a preferable method for the testing of small numbers of strains.
There are limited data on H. pylori resistance in Canada (4, 5, 9) . It was decided that before a survey for the rates of H. pylori resistance to clarithromycin and metronidazole in Canada was conducted, seven Canadian microbiology laboratories would assess their susceptibility testing proficiencies with 13 strains of H. pylori and reference strain ATCC 43504 and would compare the E test method with the agar dilution reference method.
MATERIALS AND METHODS

Media and antibiotics.
Methods based on the NCCLS guidelines were distributed by using a specially designed website (www.Helicobactercanada.org) established for that purpose. Strict adherence to the methods was mandated. Antibiotic powders and E test strips from the same lots were sent to the participants. The NCCLS (30) guidelines for preparation of antibiotics and plates were followed. Brucella broth with 5% fetal calf serum (BBFC; Oxoid Canada, Nepean, Ontario, Canada) with 20% glycerol was used to freeze H. pylori strains for storage at Ϫ70°C. Mueller-Hinton agar (Oxoid) with 5% sheep blood aged more than 2 weeks (MHB) was used to grow the frozen strains and for susceptibility testing. All MHB agar dilution and E test plates used for testing were prepared with the same lots of medium and blood. All antibiotic powders and E test strips sent to the participants were from the same manufactured lots. The metronidazole powder (Sigma Chemical Company, St. Louis, Mo.) used to make a 51,200-g/ml stock solution was added to sterile distilled water and dissolved by stirring and warming to less than 50°C (one laboratory used 150 l of dilute (10%) acetic acid to dissolve the metronidazole). The clarithromycin powder (Abbott Laboratories, Abbott Park, Ill.) used to make a 51,200-g/ml stock solution was added to a small amount of 100% methanol, sonicated, and brought to a final volume in 0.1 M phosphate buffer. On the day of use, the antibiotics were serially diluted in sterile water to give final concentrations from 256 to 0.016 g/ml and were added to the MHB plates at less than 50°C. MHB plates for E tests were prepared at the same time. All plates were warmed to 35°C prior to use. Sterile saline was used to suspend the organisms for testing (one laboratory used brain heart infusion broth [Difco Laboratories] with 5% yeast extract and 5% equine serum).
H. pylori strains. H. pylori ATCC 43504 was the reference strain used for quality control and was purchased from the American Type Culture Collection (ATCC). For H. pylori ATCC 43504, the clarithromycin MIC range is 0.016 to 0.125 g/ml and the metronidazole MIC range is 64 to 256 g/ml. Two cultures of the reference strain, one identified and one blinded, were sent to each site. The Helicobacter Reference Laboratory maintains H. pylori isolates from consenting adult patients presenting at the Queen Elizabeth II Health Sciences Center; the isolates have been maintained frozen at Ϫ70°C. Thirteen H. pylori strains that were recovered from selected patients with gastroduodenal symptoms and that had a wide range of antibiotic susceptibilities when tested in the Helicobacter Reference Laboratory were used for this study. Four strains were sensitive to clarithromycin and metronidazole, two were resistant to both drugs, two were sensitive to clarithromycin and resistant to metronidazole, and five were resistant to clarithromycin and sensitive to metronidazole. Two strains with mixed resistance had smaller numbers of resistant than sensitive colonies. The average MIC for each H. pylori strain was the average of all agar dilution values that were less than 6 log 2 dilutions different from the median MIC (in micrograms per milliliter) for all participants, and all determinations were compared to that MIC.
Strains were grown on MHB at 35°C under microaerobic conditions by using an anaerobic incubator or anaerobic jars evacuated to 25 lb/in 2 and filled with 5% O 2 , 10% CO 2 , and 85% N 2 . Multiple aliquots of each strain were frozen in BBFC-glycerol at Ϫ70°C. Cultures of the 13 test strains and reference strain ATCC 43504 and blinded duplicates of 4 strains including ATCC 43504 were labeled individually for each site. The strains used for proficiency testing were couriered overnight on dry ice to the seven participating sites. The strains were tested three times in the Helicobacter Reference Laboratory of the Queen Elizabeth II Health Sciences Center.
Strains were considered resistant to clarithromycin if the MIC was equal to or greater than 1 g/ml and resistant to metronidazole if the MIC was greater than 8 g/ml (15, 27, 29, 30) .
Agar dilution. Strains were grown from frozen cultures on MHB without antibiotics and subcultured a minimum of two times but not more than three times. Each H. pylori strain was suspended at a density equivalent to a McFarland no. 2 standard in sterile saline. A 0.1-ml aliquot of the suspension was serially diluted and streaked onto antibiotic-free plates to assess the number of CFU per milliliter.
A Steers replicator was used to deliver approximately 5 l of each McFarland no. 2 standard suspension onto MHB plates with antibiotics. An antibiotic-free plate was inoculated at the beginning and end of each series of plates to confirm the viability of the inoculum and to observe the growth of any contaminants. The plates were incubated under microaerobic conditions at 35°C for 72 h. The NCCLS agar dilution protocol defines the breakpoint MIC as the lowest concentration of antibiotic showing no growth, a haze, one discrete colony, or multiple tiny colonies; and where there is persistent slight growth, the MIC is read as the concentration at which a marked change in the appearance relative to that of the control plate occurs. The MIC was recorded at 72 h. E tests. MHB plates were inoculated with the same H. pylori suspensions used for the agar dilution method by using a sterile swab to completely cover the surface. The plates were allowed to dry very briefly before metronidazole or clarithromycin E test strips were carefully added, taking care not to move the strip once it had contacted the surface. The plates were incubated as described above. The E test MIC was interpreted as the point at which the growth intersected the strip. Where there was a haze of growth that could not be distinguished from the inoculum, the haze was discounted. For comparison of the E test MICs with the twofold agar dilution MICs determined by the NCCLS method, when the growth on an E test plate ended at an intermediate MIC, the next higher value was recorded. The MIC was recorded at 72 h.
Analysis of results. Coded agar dilution and E test results from each center were entered into a database. The median MIC for all agar dilution results for each strain was calculated, and values more than 6 log 2 dilutions different were excluded from determination of the final MIC for each strain. Analysis was performed by using InStat statistical software (GraphPad Software, San Diego, Calif.) to derive Spearman nonparametric correlations between sites and between agar dilution and E test results. All results were included in the error rate determination (a very major error [VME] was resistant by the reference method and susceptible by the test; a major error [ME] was susceptible by the reference method and resistant by the test) (6, 34) . Laboratory-specific results for the agar dilution and E test methods were assessed relative to the average MIC for each strain, and values within 2 log 2 dilutions were considered within the acceptable range. E test results were compared with agar dilution results by laboratory and by strain.
RESULTS
At the Helicobacter Reference Laboratory of the Queen Elizabeth II Health Sciences Center, colony counts performed with H. pylori strains at a density of a McFarland no. 2 standard yielded approximately 10 8 CFU/ml. Agar dilution plates were inoculated with 5 l, or approximately 5 ϫ 10 5 CFU, and plates with E test strips were inoculated with 100 l, or approximately 1 ϫ 10 7 CFU. At the Helicobacter Reference Laboratory, a better correlation between the agar dilution and E test methods was achieved when growth on the E test plate was observed by using a stereoscopic microscope with reflected light.
The fastidious nature of H. pylori required that careful attention be paid to the length of exposure to ambient air, the medium used, culture conditions, and assessment of growth of the tiny translucent colonies. Participants reported difficulty carrying out agar dilution quickly enough to limit exposure to ambient air and temperature. Most participants found it difficult to get clarithromycin into suspension. Agar dilution plates took longer to read, and several sites considered the interpretation of results to be more difficult by the agar dilution method than by E test, in which the results are read at the junction of bacterial growth and the antibiotic strip directly from a single plate. Contamination was only sporadically encountered; one site, however, was unable to report 40% of the expected results because of contamination.
All sites achieved MICs within the accepted range for strain ATCC 43504. Two sites performed the tests in triplicate, and two repeated some or all of the tests. At these sites, proficiencies on the basis of a single set of values or the average of their results were not found to be substantially different. For individual sites the results for clarithromycin within 2 log 2 dilutions of the final MIC ranged from 69 to 100% (average, 90%; standard deviation [SD], 0.6 to 2.8%; average SD, 1.4%) for the agar dilution method and from 65 to 100% (average, 87%; SD, 1.0 to 2.9%; average SD, 1.7%) for E test. For metronidazole, results within 2 log 2 dilutions ranged from 50 to 100% (average, 83%; SD, 0.7 to 3.7%; average SD, 2.0%) for agar dilution and from 50 to 93% (average, 75%; SD, 1.8 to 3.3%; average SD, 2.1%) for E test (Table 1) . Site 2 accounted When the results from that site were excluded, the agreement by method increased by 3 to 5% and the overall agreement increased to 87%. SDs for the average MICs were slightly greater for E test than for agar dilution for both clarithromycin and metronidazole and were slightly greater for metronidazole than for clarithromycin for both methods (Table 1) . For this study of proficiency testing based on the NCCLS guidelines, the average MIC was derived from the results of the reference agar dilution method, and each agar dilution and E test proficiency testing result was measured against that value. Therefore, the distribution of log 2 dilutions relative to the average MIC correlated more closely for the agar dilution method than for E test (Fig. 2) . When the individual results obtained by each method were compared with the average MICs for that method, the agreement within 2 log 2 dilutions increased from 87 to 88% for clarithromycin by E test and the agreement increased from 72 to 89% for metronidazole by E test (data not shown). No additional errors resulted from this comparison.
When the average results by agar dilution and E test for each of the 13 strains were compared, it was observed that E test MICs were lower than agar dilution MICs at low values and higher than agar dilution MICs at high values, particularly with metronidazole; but the MICs were consistently in agreement in the susceptibility cutoff range (Fig. 3) . For the 13 strains, the correlations (r 2 ) between the average agar dilution MICs and the E test MICs were 0.8999 for clarithromycin and 0.8785 for metronidazole (Fig.  3) . When outliers were excluded, the correlations between all paired agar dilution and E test results were 0.8963 for clarithromycin and 0.8112 for metronidazole (Fig. 4) . With both antimicrobials and by both methods there was a clear demarcation between susceptible and resistant strains.
DISCUSSION
The clearly demonstrated correlation between antibiotic resistance and treatment failure makes it necessary for decisions about H. pylori therapy to be based on susceptibility test results (2, 11, 19, 22, 35, 37, 42, 44) . The aim of the proficiency phase   FIG. 2 . Percent distribution of clarithromycin (CLA) and metronidazole (MET) log 2 dilution MICs by agar dilution (AD) and E test (ET) relative to the average agar dilution MICs for all strains of H. pylori from all sites. A dilution at 0 is equivalent to the average MIC for that strain of H. pylori. Results at Ϫ3 and 3 include dilutions equal to and less than or greater than 3 log 2 dilutions different from the average, respectively. Compared to the reference agar dilution method, E test MICs tended to be lower than the average, but the numbers of unacceptable results at Ϫ3 or 3 were relatively equivalent by all methods. Overall, 93% of all tests correctly identified resistant strains and 83% of all agar dilution and E test results were within 2 log 2 dilutions of the average MIC for each strain on the basis of reference agar dilution values. When the results from site 2 were excluded, the overall agreement by method and by site increased from 83 to 87%. The two sites whose results had the lowest correlation with the average MIC results accounted for 18 of 32 (56%) of the VMEs and MEs. Methodology and failure to detect resistant strains, particularly in mixed cultures, caused many of the errors at those sites. In no instance did a value within 2 log 2 dilutions of the final MIC cause an error. With the exception of the errors, the results obtained by both tests were acceptable at most sites. Both blinded testing of duplicate strains and unblinded testing in triplicate yielded highly reproducible results by both tests. The reported lack of reproducibility with metronidazole was not evident in these results, possibly because of strict adherence to the methods (14, 34) .
There were more VMEs by agar dilution than by E test (13 versus 7) and more MEs by agar dilution than by E test (8 versus 4). Seven VMEs by agar dilution and four VMEs by E test resulted from failure to detect small numbers of resistant colonies. It is more likely that single colonies will be observed on the larger surfaces of E test plates than on the small area covered by the inoculum on agar dilution plates.
In a comparison of the ease of performance of the two methods, for the agar dilution method, most sites reported difficulty with getting antimicrobials into solution, limiting exposure to air during testing, and visualizing growth. E tests were more easily performed. The results on both agar dilution and E test plates must be read by using reflected light to see the very small colonies.
It was observed, particularly with metronidazole, that low E test MICs were generally 2 or 3 log 2 dilutions lower than the reference agar dilution MICs, high MICs were often higher by FIG. 3 . Comparison of the average of all paired agar dilution (AD) and E test (ET) MICs of clarithromycin (A) and metronidazole (B) for each of the 13 H. pylori strains. R a , the NCCLS cutoff for clarithromycin resistance is an MIC equal to or greater than 1 g/ml; R b , the generally accepted cutoff for metronidazole resistance is an MIC greater than 8 g/ml. For clarithromycin the overall correlation between the agar dilution method and E test was slightly higher than that for metronidazole, but by both methods with clarithromycin and metronidazole, there was a clear distinction between sensitive and resistant strains.
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E test, and intermediate MICs most closely agreed by E test (Fig. 3 and 4) . However, when E test results were compared with the average E test MIC rather than the average agar dilution MIC, the agreement within 2 log 2 dilutions increased from 87 to 88% for clarithromycin and from 75 to 89% for metronidazole. It is possible that the differences in the methods used to get antimicrobials into solution for agar dilution and for E test strips account for these differences. Vaiani et al. (45) used high-pressure liquid chromatography to evaluate the amount of ceftazidime released in agar by E test strips and concluded that antibiotic concentrations, particularly in the intermediate range, were those stated, thus demonstrating the accuracy of E test. Agar dilution is the "gold standard" method for susceptibility testing of H. pylori, but it is difficult to perform on an individualized basis. E test is easily carried out with small numbers of strains, and although E test strips are expensive, the procedure takes less time than the more labor-intensive agar dilution method. The suitability of E test for H. pylori susceptibility testing, particularly with metronidazole, has been widely debated (13, 14, 34, 46, 48) . NCCLS has not published a metronidazole breakpoint for H. pylori, so the E test manufacturer has not been able to seek U.S. Food and Drug Administration approval. However, Japan and several other countries have given approval for the E test method (A. Bolmstrom [AB Biodisk], personal communication). The results from this study show that E test may be a suitable alternative to the agar dilution method. Using standardized protocols and a control strain, the participants in this study correctly identified clarithromycin-and metronidazole-susceptible and -resistant strains of H. pylori 93% of the time using either method. When exact methods were carefully followed, susceptibility results for clarithromycin and metronidazole were highly reproducible by both agar dilution and E test. Therefore, we suggest that agar dilution is useful for studies of large numbers of strains and that E test can be used to discover the susceptibility status of strains from individual patients.
